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By measuring the spectral loss characteristics of subwavelength-diameter terahertz fibers, our study sup-
ports the recent theory proposed by M. Sumetsky [Opt. Lett. 31, 870 (2006)] that diameter-variation-
induced radiation is a dominant loss mechanism for subwavelength fibers in the low- 1%  core-fraction-
power regime. This physical mechanism limits the lowest guidable frequency in a subwavelength fiber.
© 2007 Optical Society of America
OCIS codes: 060.2430, 260.3090.Recently subwavelength optical waveguides and
fibers1,2 have been successfully demonstrated, not
just with a minimized size favorable for photonic de-
vice applications, but also with strong light confine-
ment to enhance the device nonlinearity. For tera-
hertz (THz) wave applications, we have also proposed
and demonstrated a low-loss subwavelength THz
polyethylene (PE) fiber3 for THz waveguiding, with a
structure similar to the optical nanofiber.1 However,
the purpose for the subwavelength THz fiber is to re-
duce the interaction between THz waves and the fi-
ber core, and the subwavelength THz fiber is pre-
ferred for operation in the low-core-fraction-power
region, very different from the optical subwavelength
fiber. With a core diameter much smaller than the
THz wavelength, the only sustained HE11 mode al-
lows the majority of the energy to be guided outside
the fiber. With a low-core-fraction power, of the order
of or less than 1%, THz waves can propagate with an
attenuation constant value of the order of or less
than 1% of the bulk value, while an effective attenu-
ation constant of 10−3 cm−1 was successfully demon-
strated. Previous optical nanotaper fiber experiments
with a core diameter much smaller than the optical
guiding wavelength had found a significant loss in-
crease with reduced fiber radius,1,4 which was attrib-
uted to possible bending loss.4 Based on the theory of
nonadiabatic transitions developed in quantum me-
chanics, M. Sumetsky recently proposed the theory
that small nonuniformity of optical subwavelength fi-
ber diameter could induce strong radiation loss when
the diameter of the fiber is much smaller than the
5wavelength. With a large portion of energy guided
0146-9592/07/091017-3/$15.00 ©outside the subwavelength THz fiber, this proposed
loss mechanism5 could thus pose a lower limit on the
guidable fraction power in the core. In this Letter we
report our investigation on the influence of the
nonuniformity-induced radiation loss in a subwave-
length THz fiber in the low-core-fraction-power re-
gime. We studied the spectral loss characteristics of
subwavelength THz fibers and compared the pro-
posed theory5 with the experimental results. It is
found that diameter-variation-induced radiation loss
could be a dominant loss mechanism in subwave-
length THz fibers in the regime of low- 1%  core-
fractional power.
In this experiment, three different diameter PE
wires were made by a melt-spinning method. We per-
forated through a 40 m thick PE film attached to an
aluminum ring with a needle and created a small ap-
erture slightly smaller than the cross section of the
PE wires (fiber core). We hung the fiber with its two
ends each resting in the hole of one PE film oriented
transverse to the fiber and fixed each ring on an or-
dinary 1 in. mirror mount to adjust the tilt of the fi-
ber. Since the hole was smaller than the fiber diam-
eter, the PE films could hold the fiber tight and
stable. To investigate the spectral loss characteristics
of the subwavelength THz fiber, we adopted a mea-
surement system composed of a photoconductive (PC)
antenna6 as a broadband THz source and a Martin–
Puplett interferometer7 (MPI) as a spectrometer. THz
waves emitted from the PC antenna were collimated
into the input of the MPI by an off-axis parabolic mir-
ror; in the output of the MPI they were collected and
coupled into the measured subwavelength fiber by
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bolometer positioned at the output end of the fiber.
The spectrum of the fiber output was thus obtained
from the measured interferogram.
The longest available lengths for 210, 155, and
550 m diameter fibers are 105, 42.5, and 29 cm, re-
spectively. When performing the experiment, we be-
gan with the fiber output measurement with the
longest fiber length for different fiber diameters.
With the same fiber and the same input coupling, we
then cut a small piece of the fiber off from the output
end and repeated the measurements. As shown in
Fig. 1, the attenuation constants as a function of the
wavelength for different fiber diameters can be ana-
lyzed from the measured interferogram, after com-
paring the results from two different fiber lengths.
The effect of frequency-dependent coupling loss was
thus canceled. Interestingly, we found that melt-spun
PE fibers of different diameters have minimum at-
tenuation constants, typically of the order of
10−2–10−3 cm−1 at distinct wavelength ranges, and a
thinner fiber delivers THz waves with minimal at-
tenuation at a shorter wavelength. It should be noted
that the length difference between two measured
210 m fibers was much longer than the other two fi-
bers such that the measured interferogram suffered
less noise. Therefore the measured attenuation con-
stant of the 210 m fiber can reach a smaller value
than those of 155 and 550 m ones. As mentioned in
Ref. 3, the dominant loss mechanism for THz
waveguiding is fractional material absorption, which
strongly depends on the fractional power inside the
waveguide. For a subwavelength fiber, the shorter
the guiding wavelength, the larger portion of the
power confined in the core, leading to a higher at-
tenuation constant. On the short-wavelength (left)
side of the minimum attenuation point, the attenua-
tion constant as expected shows an increasing trend
toward smaller wavelength and higher frequency.
However, on its long-wavelength (right) side the at-
tenuation constant is increasing as the wavelength
increases, in contrast to the expected decreasing
Fig. 1. Propagation loss of three different THz fibers with
diameters of 155, 210, and 550 m, as a function of
wavelength.trend, owing to the declined fractional power insidethe core. This result indicated that fractional mate-
rial absorption is not the only primary contributor to
the loss curve and that there must be another loss
mechanism existing in the subwavelength fiber, pos-
sibly nonuniformity-induced radiation loss.
The PE fibers in this study were fabricated by a
melt-spinning method, which is generally with a co-
efficient of variation (C.V.) in diameter smaller than
3%. The value of the C.V. is defined as the ratio of the
standard deviation to the mean. A subwavelength fi-
ber with a large portion of power outside the core
could suffer serious loss from diameter-variation-
induced radiation. Slight changes of the core diam-
eter cause the modes of the fiber to couple with one
another. If we excite a pure guiding mode at the in-
put end of the fiber, diameter variation could make
its mode field couple to the radiation modes, result-
ing in fiber losses, since the power is carried away
from the core into the infinite cladding, as predicted
by Sumetsky in optical subwavelength fiber.5 In Su-
metsky’s theory, to provide an analytical solution,
some simplification and assumption are adopted,
which could result in relatively poor accuracy of the
theory. The fiber diameter variation is considered
smooth and can be adiabatically shown as a function
of the fiber length. The shape of the optical taper
fiber is expressed as dz=d− d−d01+ z
−z0 /L−1, where d0 and d are the taper’s diameters
at its center and ends, respectively. For a silica mi-
crotaper with a small waist diameter of d,
12z, the difference between the propagation con-
stant of the HE11 mode, 1z, and that of the radia-
tion threshold, 2z=2 /, is approximated as
12z  0.57/d2zexp− 0.272/d2z.
Substituting 12z into the Landau–Dykhne for-
mula, the fiber transmission loss can thus be roughly
estimated.
To apply Sumetsky’s theory in our case, the expres-
sion of 12 is modified according to our numerical
Fig. 2. THz spectral loss characteristic of the 550 m di-
ameter PE fiber. Curve 1, measured result; curve 2, calcu-
lated loss due to fractional material absorption; Curves 3
and 4, calculated losses due to diameter-variation-induced
radiation with dv=5 m and dv=50 nm, respectively. Char-
acteristic length L is assumed to be 1 m.
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from fractional material absorption with that from
diameter-variation-induced radiation to compare
with our experimental results. The parameters are
defined as follows: d0 is the fiber diameter, and d	
=d−d0 is the fiber diameter variation. The experi-
mental results and full-modeled results with d	
=5 m and d	=50 nm for a fixed L=1 m are shown in
Fig. 2. Curve 2 (calculated fractional material ab-
sorption) intersects both curves 3 and 4 (calculated
diameter-variation-induced radiation loss) at a fre-
quency near the one at which the experimental mini-
mum attenuation constant occurs, indicating that
diameter-variation-induced radiation is a dominant
loss mechanism in subwavelength THz fiber when
the core-fraction power is low. It should be noted
that, just like the experimental curve in Fig. 2 of Ref.
5, the experimental gradient on the long-wavelength
side of the minimum point is much different from
those of theoretical curves 3 and 4, owing to the sim-
plified theory. However, one could still successfully
utilize Sumetsky’s approximation to estimate the
wavelength of the minimum attenuation constants.
In Fig. 3 we show the measured minimum attenua-
tion wavelength as a function of the PE fiber diam-
eter. The experimental values are also compared with
the theoretical value as analyzed in Fig. 3(a) with dif-
ferent coefficients of variation and in Fig. 3(b) with
different characteristic lengths. The measured wave-
length for the minimum attenuation is about four
times the fiber diameter and is close to the numerical
estimation with parameters of C.V.=3% and L=1 m.
We point out that even with a large C.V. in the stud-
ied melt-spun PE fibers, diameter-variation-induced
radiation dominates the loss mechanism of the sub-
wavelength fiber only when the fractional power in
the core is of the order of or lower than 1%. It should
also be noted that even though the THz source is a
broadband PC antenna, the spectra of the fiber atten-
Fig. 3. (a) Measured minimum attenuation wavelength as
C.V. values and a fixed L=1 m are provided for compariso
parameters C.V.=0.3%, 1%, 3%, 10%, respectively. (b) Simu
C.V. value of 3% are provided for comparison with the expe
correspond to parameters L=10, 1, 0.1 m, respectively.tuation were narrow because of the limited affordableloss after a long PE fiber. Hence the analyzed attenu-
ation constant as a function of the wavelength shown
in Fig. 1 was limited in a relatively narrow spectral
region with a reasonable signal-to-noise ratio.
In conclusion, we found that there are two domi-
nant loss mechanisms in subwavelength THz PE fi-
bers operating in the regime of low fractional power
in the core 1% . Combining these two loss mecha-
nisms, fractional material absorption and diameter-
variation-induced radiation, the predicted minimum
attenuation frequency matches the experimental val-
ues well. This study also supports the theory pro-
posed by Sumetsky, which provides a physical mecha-
nism that limits the lowest guidable frequency in a
subwavelength fiber.
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